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X YSTRJDURA AND OTHER EARLY MIDDLE CAMBRIAN TRIUOMTES FROM 
YAXIAN, HAINAN PROVINCE, CHINA 

by LlN TIA.N-RUI 4 & J. B. JAGOt 

Summary 

LrN, Tian Rli & Jago. 3 . B. (1993) Xystridum and other early Middle Cambrian trilobites from Yaxian, Hainan 
Province. China. Tram R Soc. 5. A ust, 117(3), 141-152, 30 November, 1993. 

Xystridurine trilobites arc an important dement of early Middle Cambrian liiunas of Australia, China and Antarctica, 
An early Middle Cambrian trilobite fauna is described from the Damao phosphate mine of the Yaxian district, 
Hainan Province, People’s Republic of China. These include Pngeiia luoyucunensis sp. nov., Xystridum hainanensis 
Sun. 1963, X yaxianensis Zhu & Lin, 1978, X. oriemuUs Zhu & Lin, 1978, (Jaiafie.tes twinanensis Zhu A Lin, 
1978 and Kootenai sp. The species of Xystridum are described in considerably more detail than previously possible 
due Id the discovery of new material particularly pygidia, It is suggested that the three subgencra of Xystridum 
erected by Opik (1975) are of doubtful value. Guhihctes jryrus Zhu & Lin, 1978 is placed in synonymy with G. 
hamunensis 

Key Words Middle Cambrian trilobites, China, Australia, Xystridum, Galahetes. 



Introduction 

A ystridura is an important early Middle Cambrian 
trilobite genus which is known from the Northern 
Territory (Opik 1975), Queensland (Whitehouse 1939: 
6pik 1975), South Australia (Gatehouse 1986), and 
western New South Wales (Wopfner 1966; Opik 1968, 
1975,1 A ystridura templetonensis is one of the nominate 
species of the Xymrldura templetonensisfRedlichia 
rhinensis Zone of the early Middle Cambrian of 
northern Australia. Xystridum was known only front 
Australia prior to its discovery on Hainan Island, China 
(Sun 1963) . It is now known from elsewhere in China 
(e.g. Zhou et ul 1982) as well as Antarctica (e g, 
Palmer & Gatehouse 1972). Opik (1975) described a 
second member of the Xystridurinae, Golahttes, from 
the early Middle Cambrian of Queensland: it has since 
been rceoided from Hainan (Zhu & Lin 1978) and 
Gansui, northeast China (Zhou et al. 1982). 
McNamara <1981) discussed the evolution of the Middle 
Cambrian xystridurine trilobites from northern 
Australia 

The purpose of this paper is to revise the work of 
Sun (1963) and Zhu & Lin fl978i and to describe the 
trilobites (including species of both Xystridum and 
Galahetes) from the Xystndura Zone of the early 
Middle Cambrian Damao Formation from the Damao 
phosphate mine of the Yaxian district, Httinan Province. 
People’s Republic of China (Fig I). The area contains 
some of the most important phosphate deposits in 
China. As listed below the Damao Formation is richly 
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fossihferuus and includes trilobites, bradoriids, 
brachiopods, bivalves, hyoliths, microtbsxils, etc Dau 
on the trilobites have been previously published by Sun 
(1963) and Zhu & Lin (1978), The present material, 
which was collected by Lin Tian-Rui in 1987, 1988 and 
1991 provides extra specimens which give a better 
understanding to the previously described species. In 
particular, it has allowed the pygidia of the various 
species of Xystridura to be Klenlified, which ts 
important because the pygidium provides one of the 
key features in separating the different specter, of 
Xystridum. In addition this paper provides stratigraphic 
information on the distribution of trilobites which was 
not given in the papers of Sun (1963) and Zhu & Lin 
(1978). 

The stratigraphic section at Damao as described by 
Zhang Xiguang (1986), and revised in this paner, is 
given in descending otxler as follows. 

Damao Formation (top and bottom not exposed) 

12. Grey' thin to medium-bedded siliceous rock 
intercalated with silty and muddy shale, containing 
brachiopcd fragments 12. Im 

11. Grey and yellowish grey thin to medium-bedded 
micaceous siltstone intercalated with a few 
siliceous shale be-ds, yielding bradoriids: 
Houlongdongella disuhnta Lee, H. sphaerica 
Zhang. Ophioiema simmatum Zhang, O. 
sicyadeum Zhang, Ophicsenta (Smophiosettm) 
chinense Zhang, O. (S.) trunsversun Zhang, Q. (S.) 
deltuturn Zhang, O. (S.) paradoxum Zhang, 
Guangdongella obe.su Zhang, and the hraeltiopod 
Lingulella liui Sun, 1. 2m 

10. Dark grey medium-bedded siliceous siltstone, 
bearing the trilobite Xystridum sp. 6.1m 

9 Greyish white and greyish yellow ihin to medium- 
bedded siliceous siltstone intercalated with silty and 
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muddy shales, containing the bradoriids 
Ophiosema subrolundwn Zhang and Mannocosmia 
sp. ; the ttilobites Xysiridura hainanensis Sun, X. 
yaxianensis Zhu & Lin, X. on emahs Zhu & Lin 
and Galahetes hainanensis Zhu & Lin; 
btaehiopods Lingulclla tangshihensix Resser & 
Lndo and Acrothele sp. 2 5m 

8. Greyish yellow siliceous shale intercalated with 
thin to mcdiuni-bcdded siliceous silt stone and 
containing irilobiles Xysiridura orientally Zhu & 
Lin and Pagetid luoyarunensis sp. nov. 5.3m 
7. Greyish white and grey medium-bedded siltstone 
and siliceous shale, containing the bradoriids: 
Houlongdongella di sulcata 1 ee, H. injlata Zhang, 
YasinneUa sulcata Lin, Y. punctata Zhang, 
Ophiosema strumatum Zhang, O. suhrotundum 
Zhang, Indota acuta Zhang. Cuangdongella obesa 
Zhang. Mannocosmia torquuta Zhang, 
Plesidielyntella sp,. Bradoria sp.; Irilobiles 
Xysiridura hainanensis Sun, A', orietttoiis Zhu At 
I .in, Galahetes hainanensis Zhu & Lin. Kvotenio 
Sp. and Fbgetia luoyacuncnsix sp. nov., brachiopods 
Ungule I la tangshiflertsls Resscr Hi Lndo, and 
Homotreta sp, 5.2m 



6. Dark grey siliceous shale and phosphatic siliceous 
rock intercalated with dark grey phosphorite, 
containing the bradoriid Indota acuta Zhang; the 
Irilobiles Xysiridura hainanensis Sun. A. onemulis 
Zhu & Lin, and PUgetia luoyatunemis sp. nov. 9.6m 
5. Dark brown nodular manganese ore bed (thickness 
about 2m), with siliceous shale at the base, yielding 
brachiopod fragments. 2 6rr 

4. Greyish white and dark grey medium to thick 
bedded siliceous siltstone and quartzosc sandstone 
intercalated with dolomite and a tew micaceous 
muddy shales. 42.2m 

3. Greyish green and greenish red medium and thin 
bedded micaceous siltstone intercalations. 55.8m 
2. Greyish white massive quart zone sandsinne and 
siliceous siltstone intercalated with a few medium 
to thick-bedded dolomite horizons. 8.3m 

1. Greyish white massive medium-grained quartzosc 
sandstone. 35.8ua 



Age and affinities of fauna 

The crilobiies described herein comprise Hie. 
following species Pagetia luoyacunensis sp, nov., 
Xystridwa hainanensis Sun, A', yaxianensis Zhu & Liu. 
X. orienuilix 2hu & Lin, Galahetes hainanensis Zhu 
& Lin, and Kootenia sp. In China Xysiridura and 
Galahetes arc known from rite Tianshati (Wang el al 
1985) and from Gansu (Zhou el al. 1982). The age hciv 
is equivalent to the Maozhuanginn Stage of the Nnnh 
China biostratigraphic scheme. In Australia Xystriilutu 
and Galahetes are important members of the early 
Middle Cambrian fauna of Australia (Opik 1975) The 
various species of Xysiridura described by Opik (1975) 
arc either of Ordian or Templetonian age. In Australia 
Xystnditra is known from the Northern Territory (Opik 
1975). Queensland (Whitehou.se 1939; Opik 1975), 
western New South Wales (Wopfner 1966; Opik 1968. 
1975) and from the K allude ina Formation ol llic 
Warburton has in in northeastern South Australia 
(Gatehouse 1986). In Australia Galahetes has been 
recorded from the Templetonian of the Duchess aieu 
(Optk 1975). Xysiridura has also been described from 
early Middle Cambrian rocks of Antarctica (Palmer 
& Gatehouse 1972; Soloviev & Grikurov 1979). In 
summary members of tile Xystriduridae are an 
important element of the very early Middle Cambrian 
faunas of Australia. Antarctica and China, 

The specimens described herein -show some tectonic 
distortion. They are deposited at either die Nanjing 
Institute of Geology and Palaeontology. Academia 
Sinica (NIGP) or the Department of Larth Sciences. 
Nanjing University (NUESD) All figured specimens 
were whitened wiih magnesium oxide prior to 
photography. 
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S> stemittu ricscript ions 

Suhordei HODISCINA Kobuyaxhi. 1939 
I amily PAGF.THDAF Knb.ty.ishi , 1935 
Genus PAUL TIA Walcott. 19 10 

Synonymy See .loll |975. p 30, 

ix/tr Spt i H % Ptiyefia hooks WiUcolt, 1910. p. 468. LI. 

07. I ig> 1. tool. 

Diagnosis: See .(ell 1975. p Hi 

Pngetta tuoxacunensis sp. nov 
Fids 2a-l. 6d. 

Doysouio i/ti\\'x<mi Sun 1903 p. 610. PI 1. Pigs 7. 7a. 
Rjilt'iui sp. Ztiu A; Liu 1978 p. 439. PI. I. Pig. I. 

Material: II ernniilin and nine pygkiia. 

Fr\iittilug\ Alter the nearin’ town of Luoyaeuo. 
Hotoiype: Tile cranulium (NCHSD 210). Fig. 2b. is 
ehosyn as the holotypc, 

Diagnosis. Member ol ftigtuiii with anteriorly tape red 
glabella cranidial spine has lengih about tvvn-lhinJs 
that ol glabella; shallow Iraiisglubellur furrow dose 
to glabellar .interior; wide lived cheeks; palpebral lobes 
extend from opposite transglabellaf furrow to opposite 
anlerior ol spine; well-developed palpebral furrows; 
short tsag.). strongly depressed preglabellar field; wide 
border; 16-20 cephalic border scrobieules stop just 
slit'll! of margin. Pygldiuiu w ith gently tapering axis 
which stops just short of posterior margin Axis 
comprises four axial rings and terminus. Bach axial 
line and tci minus bears spine base. Pleural areas with 
three pairs ol pleural furrows. narrow border. Faintly 

pustnlose surface ornament. 

Description: Ctanidimii with anteriorly i a penal 
glabella, length about 0.6-0.65 that of cfaiudium. 
shallow transgtoihellar furrow placed close to well- 
rounded glabellar anterior. Well -dev doped cmitidiul 
spine, length aboul Ivvo thirds that ol glabella. Axial 
fin rows deep, wide: bac nine absent. Wide fixed cheeks, 
palpebral lobes extend from opposite irunsglabellar 
furrow lo opposite anlerior of spine; well-developed 
palpebral lurrows. nut row but distinct eye ridges meet 
axial luirows just forwards of Iransglabellar lurrow 
Short sinmgly -depressed preglabellar field; wide 
anterior bolder furrow not crossing lateral border. 
Wide border with 16-21) radial serohigules. which stop 
pis! short n! margin Wide, deep posterior funder 
furrow 

Semicircular pvgidium Axis tapers gradually 
rearwards, it extends almost to posterior margin. Axis 
comprises four axial rings and terminus. On available 
specimens each axial ring hears spine base as does 
tci minus. Semi-elliptical articulating half-ring. Pleural 
areas contain three pairs of pleural lurrows. Narrow 
shallow border lunow. itunuw Under Both eranidium 
and pvgidium have finely pustulose surface ornament. 
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Discussion; Prior to the spec imens described herein 
this species was known from only the iwo very poor ly 
preserved cninidia figured in Sun i!%3, Pi I. Figs 7. 
7a) and 7hu & Lin <1978. PI. 1, Fig. 1). Although 
somewhat distorted the available material indicates that 
it should be the basis of a new species. Of the 
Australian species ol /i igclin described by Jell (1975), 
the new species /’ htoXth'wn nsis is prohablv closest 
to P hoMmli Jell The cninidia of the (wo species are 
quite similar although the cephalic border ol 
liuwiaowmis is wider Ihun lhai of lumirdi. I lie 
pygidial axis of h<o\mimensi\ is wider than lltat ol 
howurdi. 

P Immomvnm differs fulfil the type species ol 
Dtgelia, P. book’s Waleoll le g see Rasetfi 1966, p 
504. PI. 59, Figs 11-13). in that /! hooks has a widen 
.uid shallower preglabeHnr field, u longei and moie 
slender crunidial spine, a narrower pygidial axis with 
five axiiil rings plus a terminus bearing a long spine 
and a smoother pleural field. There arc some 
.similarities between P luoxiuiiUrnsis and P 
tfUt'bc'cun.sls Kuselli tl960. p. 506. PI. 59. Figs 5 10) 
but P. Iiioyiinoii'tisis differs from P qnehei ensis in 
having small palpebral lobes, in having distinct bacuiae 
and in not liaviug pronounced spine bases on the 
pygidial axis. 

Order RLDL1CHIDA Richict. 1933 
Suborder RLDLICHIINA Harrington, 1959 
Superfamily PAR ADOXIDACF A Hawle A Cmda. 

1X47 

Family CFNTROPL FI 1 R I DA E Angelin 1 X 54 
Geiius XYSTR1DURA Whitehnnse 1936 

Txpt> Species: Xyslriihmt lemplenmensis (Chapman) 
Mitesia U'mpleinnenxis Chapman. 1929. p. 214, PI 22, 
Fig. 19, refigured hy Whitehouse 1939, LI 21. Fig. Id 
(see also comments hv Palmer A Gatehouse 1972. p. 
13). 

Diagnosis. See Opik 1975. p.2(). 31. 

Dm'ussion: Opik ( 1975) discussed Xysiriduni in some 
detail He suggested that there should he at least lluec 
.subgenera in Xystrhhoa. i.e. X iXystfidurnh .V 
(PolydimNe.x) and X (Inosaeoiesi w ith the ty|W of V 
iXxslridnnO being V. tcmpletomnsis. In his clillereiilial 
diagnosis Opik (1975, p. 3|) states In Inosin otes and 
Polydlpotes the cephalic lest is strongly ornamented, 
the thorax expands rearwards, the pygidial axial lobe 
is fused with the thorax. and the pygidial margin is 
visibly denticulate: furthermore in Poixdinuirs the 
pleural tips are bixpinose (simple in Xysiriduni and 
InoXiicok'si and in Inowcrtrs the anterior tiieial .sutures 
are (used (functional hi Xysiriduru and Ddydinoies I " 
li should he noted that spec ies included by Opik m 
A’, (XvsiHtluni) also show a thorax which expands 
rearwards, c.E. X mile si (see Opik 1975, PI 14. Fig. 
2). and .V. citru’ri (see Opik 1975. PI. 15. Fig I) The 
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present authors Jo not regard the caecal patterns shown 
tit the species ol /nitsat ore.) and /‘nlydiiwtci as being 
nl suhgeneric taxonomic significance, This plus the 
variations allowed lor by Opik would suggest that Ins 
subgcnerie groupings may be of doubtful value. 

XvMtidutu iuttnutwnsis Suit. 1963 
FIG. 3a-h 

Xystridum inuntwcusis Sun Whip 608. PI I. Figs 
1-4; Zhu & Lin. 1978 p. 44U, PI. I. Figs 1. 3 (turn 4a, 
4b I 

Material. Twenty ctaatidia and eight pygidia. 
Ijrtoivpc (designated herein!. The pygidium ligured 
by Sun (1%?. PI. I. Figs 4. 4a) is selected its leelotype 
•Sun did tun erect a liolotvpe. 

Diagnosis: Species ol Xystridum in which glabella 
extends almost to anterior border furrow, glabella 
anterior broadly rounded. Long palpebral lobes extend 
from opposite anterior of occipital ring to just forwards 
ol tp furrows. Anterior end of palpebral lobe almost 
meets axial furrow, Pygidium with short axis; with four 
axial tings and a terminus. Two pairs of marginal 
spines; very long, slender anterior pair directed 
postemlalerally at an angle of about 45°: second pair 
short. 

Description Crnnidium wide (tr. ). slightly convex, 
with a length about two-thuds the width between 
palpebral lobes. Glabella extends almost to anterior 
holder furmw. preglabellat field very .short (sag.) but 
clearly separates preglubcllar furrow front anterior 
border furrow; glabellar length about 0.85 lhat of 
ctuiudium. Glabella has slight waist at Ip furrows; 
widest just forwards of 3p furrows; broadly rounded 
glabellar anterior. Narrow axial furrow of moderate 
depth Three pairs of lateral glabellar furrows F.ach 
Ip furrow is directed slightly to posterior and extends 
about 0.4 ol distance across glabella; 2p furrows almost 
hoi izonul; 3p fu trows slightly aicuute with convexity 
to anterior 3p furrows, slightly convex anteriorly, sel 
in from axial furrow and not connecting with it, 
Nanow occipital lunow deepest abaxially. Occipital 
ring widest centrally; small median node, f.ong 
palpebral lobes exiend from opposite anterior of 
occipital nng to just forwards of 3p furrows. Palpebral 
furrow very shallow, barely discernible on many 
specimens. Palpebral areas of tixigcnac wide and llat; 
at posterior end width 0.5 0.6 that of glabella: anterior 
end narrow where anterior of palpebral lobe almost 
meets axial furrow. Anterior areas of tixigcnac almost 
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flat. Preocular sections ol laeial suiute diveigc 
markedly. Very short postocuiar sections of facial 
suture diverge slightly. Wide anterior border with 
shallow terrace lines narrow anterior border furrow 
Shallow posterior hoi del luirow. Veiv nairmx 
posterolateral border 

Pygidium very wide (tr.) with length about half 
width. Short axis extends just over liall length ol 
pygidium. Axis has four axial rings plus terminus. 
Wide pleural field with at least two pairs of pleural 
furrows and two pans ol interpleural Imrows. Two 
pairs of marginal spines Anterior pair arise from first 
pleurae of pygidium, very long slender spines with 
wide base; directed posteroliitemlly .it angle of about 
457 Second pair short, pointed wiilv wide base, li is 
possible that there is a very short third pair of spines 
but this is difficult to determine on mailable material 
Discussion: The pygidia shown by /.tiu At l.iu ( 197K. 
PI. 1. Figs 4a, b) as belonging in X. haitumensis are 
now placed in.Y. orimiulis. When compared Willi the 
Australian species described by Opik ||975) V 
hailianctim is probably closest to A', fracta in that the 
cranidia are quite similar. The pygidia are similar in 
terms of lengths of pygidial axis but differ in the 
presence of the longer spines in X. Itaiiuuieiisls and 
in the nature of the pygidial pleural and interpleural 
fu trows. 

The anterior pygidial spines ol huiuiwrnsis are 
longer than in any other species of Xystridum with the 
possible exception ol .V. glaeia Palmer At Gatehouse, 
1972. However, gfatia has three relatively narrow 
pygidial spines whereas hainanmsis has Iwo spines, 
each with a large base. The anterior pygidial spine ol 
X fflacia at its distal end is directed approximately 
parallel to the axis: tins is not so in X. haitumntsis , 
even allowing for tectonic distortion. 

Kxsirnium variarwisis Zhu is Lin. I‘>7H 

FIG. la-e. 

Xystridum yaxitnitmis Zhu &. L in. 1478 p 440. PI 

], f igs 5 6. 

Xystridum orienialis Zhu & Lin. 1478 p. 441. Pi. 1. 
Fig. 8 duly. 

Material: One spec amen comprising the cramdium, the 
right librigena. most of tile thorax and the pygidium: 
14 cranidia anil four pygidia None is well preserved 
Holtiivpe: The cramdium (N1GP 44903) figured by 
Zhu At 1 in (1978. PI. I. Fig. 5) and rcftguicd liere as 
Fig. 4d. 



I ig. 2 a i. Digttiu luoyaiuninsis sp. nov. a. NFESD 207. cmnidiuiu *20; b. NUKSf) 710. liolotvpe ernnidiunt. s_‘l I l 
N tlf.SI) 712. viaiiidiinu. x20; J, pygidium, *20: e. NUESD 214. pvgidium. x20: f. cramdium (figured a* Puettiu >p 
by Zhu & Fin 1*478. PI. 1. Fig. l). x26. 

g i. Kootenai sp. g. NIIF.SD 218. partial pygidnim, x*i; b, NIGP 44916, partial crunidiutn (figured by /ha A 1 in lVTft. 
t’l 2, Fig. 8); i. pygidium, NI'F.St) 219, \X 
All specimens are internal moulds 
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ig. 3. Xy.siriduni haimmensis Sun. 1963. a. NUESD 220. cranidium. x4: b, NUESD 217. cranidium, x4: c, NUESD 222. 
cranidium, \4; d. NUESD 225, cranidium, x4: e. NUESD 228, pygidium. x2.5: f. NUESD 221, cranidium. x2: g, NUESD 
223. cranidium, x3,5; h. NUESD 224. cranidium. x3. 

All specimens are internal moulds. 
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Fig. 4. a-e Xyxtridura yaxiant'itsix Zhu & Lin. 1978. a, NUESD 229, almost complete specimen, rubber cast of external 
mould, \2: b, cranidium, rubber cast of external mould, x.l; c. NUESD 234. cranidium. rubber cast of external mould. 
x3; d, NIGP. (teletype cranidium (originally figured by 7.hu & Lin 1978. PI. I, big. 5), internal mould, x2; e, NIGP 
4490b, pygidium, (originally figured by Zhu & Lin 1978. PI. 1. Fig. 8 as belonging to A', orienialis}. internal mould. x4. 
f. Kcotmiiu sp.. NIGP 44917, pygidium. (originally figured by Zhu & Lin 1978. PI. 2. Fig. 9). internal mould, x5. 








P|^ 




P» 


W$ .7 


ipf.J 5 




15JIL 






' • 7 ' ' 'jJb&'A JfjnL 






EARLY MIDDLE CAM HR IAN TRJLOBITKS 



149 



Diagnosis: Species of Xvstriduni in which glabella 
extends almost to anterior border Sharply rounded 
glabellar anterior. Short pygidial axis. Three pairs of 
pygidial spines Moderately long anterior pair with 
wide base directed outwards and backwards; second 
shorter pair extend inwards and backwards; third pair 
very short. Central posterior margin of pygidumi 
broadly curved to anterior. 

Di'MTiptim. Ccphalmt setni-crrculur. Glabella extends 
almost to anterior border furrow; length about 0.85-0.9 
that ol eranidium. Glabella with slight waist at about 
-p furrows; widest jirvt anterior to 3p furrows. 
Glabellar anterior sharply rounded Narrow axial 
furrow of moderate depth Three pairs of lateral 
glabellar furrows. Each ip furrow directed slightly in 
posterior; they almost meet ahaxially: 2p furrows 
almost horizontal; 3p furrows which do not meet the 
axial furrow slightly arcuate w ith convexity to anterior. 
Both palpebral and anterior sections of llxigenae almost 
flat. Narrow occipital furrow. Occipital ring, widest 
ahaxially. fault occipital node. Long palpebral lobes 
extend from opposite occipital ring just anteriorly of 
3p furrows. Shallow palpebral furrow. Preocular 
sections ol lacial suture diverge markedly. Narrow 
shallow anterior border lurrow; wide anterior border 
with laim terrace lines on some specimens. Shallow 
posterior border furrow', very narrow posterolateral 
border. Pnorlv preserved libngtrua wilh narrow shallow 
border lurrow w'ide border extends into ccnal spine 
of indeterminate length. Thorax of 12 segments. 
Shallow axial furrows Width of axis about 0,6 that of 
pleural regions Axis parallel sided from lirst to filth 
segment gradually narrowing posteriorly Pleurae 
almost llal; pleural furrows nan aw ahaxially but 
continue ns shallow furrow into well-developed 
posteriorly directed pleur.sl spines. 

Available pygldia poorly preserved Axis comprises 
four axial rings plus terminus. W ide pleural field with 
at least two pairs of pleural furrows and two pairs of 
interpleural furrows. Wide Hat border with faintly- 
developed lerruce lines. Three pairs ot marginal spines. 
Anterior pair extending from first pleural segment of 
pygidium; of moderate lerigih with wide base and 
extending posterolateral! v. Second shorter pair 
extending posteruniedlaliy. Third pair very short; more 
change of slope in pygidial margin than distinct spines. 
Central posterior margin broadly curved to anterior. 
Discussion: When compared with the species described 
by Opik. X. yu.ua/ 7 mviv is closest to X. templeionewis. 



However the crantdium of ytixianensis has a more 
sharply rounded glabellar anterior and long.et palpebral 
lobes than templetonensis X. m lia/imvii differs from 
A', hainanensis in having .i more sharply rounded 
glabellar anterior and a longer pygidial axis. The 
pygidial spines in Ihe two species arc quite different 
The pygidium tMGP 4-1906) figured here (Fig. 4e) 
as X. yaxianensis wax originally assigned by 2hu & 
Lin (1478. PI. I. Fig 8) to X or/Vviraf/s. However, the 
discovery of the partial I v complete specimen figured 
as Fie. 4a indicates that N1GP 44906 should he 
reassigned . 

Xysirulum arU titofii 71111 ■&. Lift, 1978 
FIG Xa-g, FKi 6a, b b. 

Xyslriilum onrnwUs /hit A: I in 1978 p. 441. PI. 1. 
Fig 7: PI. 2. Pigs l-J. 

Material; One incomplete eianidiutn wilh three 
incomplete thoracic segments. 15 incomplete crantdta, 
lour free checks and 12 incomplete pygidia 
Holotype The eranidium (NJBGP 449tj5j figUlvd by 
Zhu & Lin 1978 tPI l Fig 7) and re fig toed here as 
Pig- 5g. 

Diugnosis: Species of Xvsrriiiura in winch glabella 
extends almost to anterior border Sharply rounded 
glabellar anterior. Short pygidiul axis composing three 
axial rings plus terminus. Three pairs of pygidial 
spines; anterior pair long, wide and directed slightly 
laterally to slightly medially, second pair long wide 
and directed very shehrly medially , third pair very 
short; posterior pygidial margin minutely denticulate. 
D&cripjion Glabella extends almost to anterior border 
furrow; length about U.9 that of eranidium. Glabella 
has slight waist at Ip furrows widest just anteriuriy 
to 3p furrows. Glabellar anterior sharply rounded. 
Narrow shallow axial furrow. Three pairs ol lateral 
glabellat furrows; Ip lunows directed posteromed tally; 
2p furrows directed slightly posteriorly; 3p fu crows 
essentially elongated slightly anteriorly cuived pits 
Shallow occipital furrow deepest uhaxiully Occipital 
ring bears small low median node Palpebral lobe 
extends from opposite anterior end of occipital ring 
to Just anteriorly of 3p furrows Very shallow palpebral 
furrows. Palpebral areas of fixigenae w ide. Hat: narrow 
at anterior Pieoeulur sections of facial suture diverge 
markedly. Postocular sections of facial suture nowhere 
well preserved Wide anterior binder whli faint terrace 



Fig 5 SystriUnm oru’inalis /tin A Lin. IU7M. a. NUlsSD 235, eranidium plus three .nilerlot diuracic segments, aiietnal 
mould. x2 . h NUESD 23R, pygidium. internal mould *4. i NUESD 236. librigepa and patli.il eranidium rubber cast 
ol exwrnnl mould. x2 4 NUESD 24S. pygi.iunn, rubber cast or external mould. x2; e, NUESD, uwnidiuin. internal 
muitld. x4. J. Nit, I* 44916, hhrigenu, internal mould, x2.5; e, NIGF 44965, hnlolvpc ernnitiiutu (originally figured hv 
Zhu tX; Lin 1978, i‘l I big 8), internal mould. O. 
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lines; narrow anterior border furrow. Librigena has 
wide border with terrace lines. Border widens 
posteriorly; extending into long genal spine. Pygidium 
with three axial rings plus terminus, Axis length about 
0.55 that of pygidium. Pleural field with two deep 
pleural furrows and two shallower interpleural furrows 
which extend almost all the way across very wide 
pleural field. Pleural field has closely spaced terrace 
lines. Three pairs of pygidial spines; anterior pair long, 
extending posteriorly and slightly outwards to slightly 
inwards; second pair narrower and directed very 
slightly medially; third pair very short; medially from 
the third pair pygidial margin minutely denticulate; 
posterior margin deflected anteriorly at centre. 
Discussion ' The cephalon ofX. orientalis is essentially 
the same as that of X. yutlenensis. However, die 
pygidia differ in that the anterior pair of spines of X 
orientalis are much longer than and have a broader base 
than those of X yaxienensix, The glabellar anterior 
of X. orientalis is more sharply rounded than that of 
X. haUtanensix. The anterior pair of spines on the 
pygidium of X hainanensis is much longer than those 
of X. orientalis. 

Genus GALAHETES 6pik, 1975 

Type Species. Gulahetes fulerosus Opik, 1975, p. 75, 
PI lb, Figs 1-4; PI. 17; PI. 18, Figs 1-3; PI. 19, Figs 
1-5; PI. 20. Figs 1,2, text-figs 7c, 13. 

Diagnosis : See Opik 1975, p. 75. 

Galahetes hainanensis Zhu & Lin. 1978 
FIG. 6c,c.f,g. 

Gulahetes hainanensis Zbu & Lin, 1978, p. 441, PI. 
2. Fig. 4. 

Gulahetes ovrus Zbu St Lin, 1978. p. 442, PI. 2, Figs 
5-7. 

Material: Ten ctaniJia. 

Datatype- The cranidium (NIGP 44912) figured by Zhu 
& Lin 1978, PI. 2, Fig. 4 and refigured here in Fig. 6c. 
Discussion: The available specimens add nothing to 
the material figured in Zhu & Lin (1978). However, 
a re-exam inalinr. of the material indicates that the 



cranidia described by Zhu & Lin as Galahetes pyrus 
should be placed in the same species as that described 
as G. hainanensis and hence- G. pyrus is a junior 
synonym of G hainanensis The apparent differences 
between G. hainanensis and G. pyrus are due to tire 
eftecls of tectonic distortion. The holotype cranidium 
of G hainaneitsis has been tectonically elongated while 
the cranidium figured as G. pyrus by Zhu & Lin has 
been tectonically shortened. 

Order CORYNEXOCHIDA Robayashi, 1935 
Family DORYPYGIDAE Kohayashi, 1935 
Genus KOOTENIA Walcott, 1889 

Type Species: Bathyuriscus i Kootenia) tlawsonl 
Waicotl, 1889, p, 446. 

Diagnosis: See Paltner 196S, p. 47: 1972, p. 18 

Kootenia sp 
FIG. 2g-i. 4f. 

Kootenia sp. Zhu & Lin. 1978 p. 442, PI. 2. Figs 8,9. 
Material: Two incomplete cianidia 3nd six incomplete 
pygidia. 

Remarks: The available material includes two pygidia 
which are. better preserved than that figured in Zhu 
& Lin (11778, PI, 2. Fig. 9). The pygidial axis comprises 
live axial rings and a terminus. The axis extends to 
the wide posterior border furrow. Narrow border. 
There appear to be at least five parrs of small border 
spines. There arc four pairs of pleural furrows. 
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Fig. ft j.b.h Xystrtdura orientalis Zhu & Lin 197S. a, NUESD 242, pygidium, x3; b, NUESD 241, pygidium, internal mould, 
*3. h NUESD 250, librigena, rubber cast of external mould, x2 

e.c.f.g. Galahetes hainanensis Zhu & Lin, 1978. c, NIGP 44912. holotype cranidium of external mould, (originally figured 
in 7.hu and Lin 1978, PL 2, Fig. 4), x3; c, NIGP 44914, cranidium (originally figured in Zhu &. Lin 1978, PI 2, Fig 
6 as Galahetes pyrus ) . x5. f, NUESD 215. cranidium, internal mould, x5; g. NIGP 44915, cranidium, rubber cast of 
external mould (originally figured in Zhu & Lin 1978. PI 2, Fig. 7 as Galahetes pyrus),, x V 
d, Pagetui tunyacunensis sp, nov., NUESD 208, pygidium, internal mould, x20. 
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